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Abstract
The QCD-like gauge theory with adjoint fermions is considered
in the field correlator formalism and the total spectrum of mesons
and glueballs is obtained in agreement with available lattice data. A
new state of a white fermion appears, as a bound state of the ad-
joint fermion and gluon with the mass close to that of glueball. It
is shown, that the main features of spectra and thermodynamics of
adjoint fermions can be explained by this new bound state.
1 Introduction
Gauge theories with adjoint quarks are an object of intensive studies both
on the lattice [1]-[6] and in theory [7, 8], see [9] for a review of theoretical
models. This interest is mostly connected with the technicolor models, which
suggest adjoint techniquarks as the source of quark masses and interaction
at high scale [10, 11].
At the same time theories with adjoint quarks present an interesting ex-
ample of theories, where one can test mechanisms developed in the framework
of the Field Correlator Method (FCM)[12] for confinement [13], chiral sym-
metry breaking (CSB) [14], and temperature phase transition [15], known for
fundamental fermions .
In particular, lattice data with adjoint fermions [4, 5, 6] exhibit a com-
pletely different hadron spectra, where an equivalent of the pion is heavier,
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than the glueball. Moreover, CSB seems to have two different thresholds in
temperature [1]: one, coinciding with deconfinement temperature Tdec, and
another much higher, Tχ ≃ 6.6 Tdec, where the remnants of CSB disappear.
We shall argue below, that these features can be explained in the frame-
work of FCM in a simple way. The basic element, as will be shown below
is, that an adjoint fermion can be bound with a gluon, forming a colorless
fermion with nonzero mass, which we call gluequark. Moreover, also the ad-
joint fermion itself can acquire mass, coupling to gluequark, and this creates
a completely different picture of CSB – and of fermion mass generation in
principle. These both facts can be important, since this new mechanism is
different from the original mass-generating mechanism of ordinary quarks,
suggested in technicolor theories.
It is a purpose of the present paper to apply to the gauge theory with ad-
joint fermions, (which we call shortly AdQCD) the Field Correlator Method,
which has provided a selfconsistent mechanism of confinement [13], and ex-
plained the interconnection of chiral symmetry restoration [14] and tempera-
ture deconfinement [15] in case of fundamental quarks (see [12] for reviews).
Following this method we define an exact path-integral representation (the
so-called Fock-Feynman-Schwinger representation (FFSR)) [16] for fermions
and gluons in the confining background field, which is characterized by gauge
invariant correlators, and derive relativistic Hamiltonians for white systems
of quarks and gluons (qg), two gluons (gg), and mesons (qq¯) and baryons
(qqq).
This enables us to obtain the corresponding spectra of masses. In doing
so we encounter in the interaction potential V (R) = Vconf(R) + V1(R) an
interesting phenomenon, which is not known for fundamental fermions in the
quenched approximation: the static potential Vconf does not grow beyond
some distance Rcr which corresponds to the threshold for creation of two
white fermions – bound state qg. This is similar to the situation in the
unquenched QCD, where the growth of static potential stops beyond some
distance, but in AdQCD this transition is more sharp, as shown by lattice
data [1, 17]. Another unexpected feature – the strong interaction V1(R) in
the deconfined phase, which is able to bind quark and gluon into a white
fermion, as it is done by Vconf(R) in the confining phase.
In the last part of the paper we discuss thermal properties of AdQCD
and define Tdeconf and show, that it coincides with the first CSB transition,
which we call Tχ1, Tχ1 = Tdeconf . However, we show, that the remnants of
mass of the white (qg) state can be nonzero beyond Tχ1 and this part of mass
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(due to the nonconfining correlator D1) produces chiral condensate, which
is gradually decreasing with temperature, finally disappearing at Tχ2, which
signals a full recovery of chiral symmetry.
Our results may be of importance for technicolor theories (TC), since they
provide a new mechanism of fermion mass generation, and moreover, they
allow to calculate these masses explicitly. The paper is organized as follows:
the section 2 is devoted to the derivation of the AdQCD Hamiltonian from
FFSR, for all possible white combinations. In section 3 spectra of all states
are calculated and compared with lattice data. At the end of the section the
chiral properties of mesons are discussed and compared to lattice data. In
section 4 the temperature phase transition is discussed for confinement and
CSB phenomena. Section 5 contains summary and perspectives.
2 Gauge fields with adjoint quarks. Green’s
functions
We start with the action for AdQCD in the Euclidean space-time
S =
1
4
∫
(F aµν(x))
2d4x− i
∫
ψ+(Dˆ +m)ψd4x, (1)
where ψ is an adjoint fermion, which can be written both in double funda-
mental and adjoint indices
ψαβ = ψ
ataαβ , ψ
a(x)→ U+ab(x)ψb(x), ψαβ(x)→ U+αα′ψα′α′Uβ′β (2)
ψ+a (Dµ)abψb = ψ
+
a (∂µδab + gA
c
µf
abc)ψb. (3)
The term ψ+Dˆψ can be also be written in fundamental indices, where
gauge invariance is evident, as
ψ+αβDˆβγψγα → U+ψ+UU+DˆUU+ψU = ψ+Dˆψ.
One can now form white combinations of q, g as <in| and |out> hadron
states in AdQCD. One can do it both with the total vector field Aµ, and
(more conveniently) in the background field formalism [18], separating vac-
uum background field Bµ, Aµ = Bµ + aµ, where gauge transformations
are
Bµ → U+(Bµ + i
g
∂µ)U, aµ → U+aµU. (4)
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In what follows we shall work mostly with the field aµ, as it was done in
[19, 20] for glueballs and gluelumps respectively, indicating also the corre-
sponding white combinations with Aµ (or Fµν = (E,H)).
Fermions (ψαβ or ψ
a) and gluons ((Aµ)αβ or A
a
µ) can be depicted by thin
straight lines and by wavy lines for gluons. In this way one can define mesons,
Ψi = ψ
+
a Γiψa = ψ
+
αβΓiψβα, (5)
gg glueballs, and ggg glueballs.
Φ
(2)
i = tr(aµT
(i)
µν aν), Φ
(3)
i = tr(T
(i)
µνλaµaνaλ), (6)
where T (i)µν , T
(i)
µνλ contain covariant derivatives, in simplest cases for 0
++gg
state T
(1)
ik = δik, i, k = 1, 2, 3.
The equivalent form for baryons is Bi = f
abcψaψbψc. There is however
in AdQCD a gauge invariant object, which is missing in the standard QCD,
namely the qg bound state, which we call gluequark,
Qµ(x) = tr(ψ(x)aµ(x)), Q
+
µ (x) = tr(ψ
+(x)aµ(x)), (7)
and more complicated versions with a matrix operator Γ between aµ and ψ.
The equivalent form can be written with Fµν ,
QEi = tr(ψ(x)Ei(x)), Q
H
i = tr(ψ(x)Hi(x)). (8)
We are now in position to write Green’s functions for q, g and finally for
mesons Ψi, glueballs Φi and gluequark Qµ.
The first two FFSR for q, g have been written before [16], and one should
only account for the adjoint representation of the fermion
Gq(x, y) = 〈ψ(x)ψ+(y)〉q = 〈x|(m+ Dˆ)−1|y〉 =
= 〈|x(m− Dˆ)(m2 − Dˆ2)−1|y〉 = (m− Dˆ)
∫ ∞
0
ds(Dz)xye
−Kqφq(x, y) (9)
where (Dz)xy is the path integral element, Kq = m
2
qs+
1
4
∫ s
0
(
dzµ
dτ
)2
dτ, and
φq(x, y) = PA exp(ig
∫ x
y
Aµ(z)dzµ)PF exp(g
∫ s
0
dτσµνFµν), (10)
where PA, PF are ordering operators and σµνFµν =
(
σH σE
σE σH
)
.
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In a similar way one can write the gluon Green’s function of the field aµ
in the background field Bµ [21]
Gg(x, y)µν = 〈x|(D2λδµν − 2igFµν)−1|y〉 =
∫ ∞
0
ds(Dz)xye
−Kgφµν(x, y), (11)
where Kg =
1
4
∫ s
0
(
dzµ
dτ
)2
dτ and φµν is
φµν(x, y) = PA exp(ig
∫ x
y
Bλdzλ)PF exp(2g
∫ s
0
dτFσρ(z(τ))µν (12)
Now the Green’s function of any white two –component system (qq¯, gg or
qg) averaged over background field Bµ can be written in the form
Gik(x, y) = S
∫ ∞
0
ds
∫ ∞
0
ds′(Dz)xy(Dz
′)xye
−Ki−Kk〈WF 〉 (13)
where i, k = qq¯, gg, qg, q¯g; S contains possible (m− Dˆ) operators and 〈WF 〉
is the Wilson loop with insertions of operators Fµν ,
〈WF 〉 = trPBPF 〈exp{ig
∫
C
Bµdzµ +
∑
i
2g
∫
(s(i)F )dτ}〉B. (14)
Here (s(q)F ) = 1
2
σµνFµν for a fermion (of spin
1
2
) and (sgF ) = (sgH +
s˜gE)µν = −iFµν , and gluon spin operators are introduced as follows [19]
(s(g)m )ik = −iemik, (s˜gm)i4 = −iδim. (15)
The relativistic Hamiltonian can now be derived from (13) as in [22],
assuming smooth trajectories for both partners in Gik (which actually implies
that corrections from Z graphs with backward-in-time motion are included
in the selfenergy terms, explicitly written). In this way one obtains (see [22],
[23] for details of derivation)
ds(D4z)xy → (D3z)xyDω
2ω¯
, (16)
and ω¯ is the average quark (or gluon) energy inside hadron (the bar sign
over ω will be omitted in what follows). In this way, following [22], [23] one
obtains both hadron coupling constant fh, and the relativistic Hamiltonian
in the c.m. system, which we shall write for simplicity for the zero angular
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momentum as a common form in three cases: a) for mesons; b) for gluballs;
c) for gluequark
H =
∑
i
√
p2 +m2i + σadjr + V
(adj)
c (r) + Vss (17)
and its einbein form [22]
Hω =
∑
i
(
ωi
2
+
p2 +m2i
2ωi
)
+ σadjr + V
(adj)
c (r) + Vss (18)
where V (adj)c (r) is an effective gluon exchange potential, for gluon mi = 0 and
Vss is the spin-dependent interaction, and we shall be interested below in L =
0 states and keep only the hyperfine interaction Vss, which is slightly modified
for adjoint sources [19] (gluon exchanges in V (adj)c are strongly reduced by
BFKL loop corrections, see [19] for details)
Vss =
s(i)s(j)
3ωiωj
V4(r), V4(r) = 5piC2(adj)αsδ
(3)(r) (19)
Here ωi in the einbein approximation [22] (better than 5% for lowest
states) is found from the condition on the resulting mass M , HωΨ =MΨ,
∂M(ω1, ω2)
∂ωi
= 0, i = 1, 2. (20)
The mass M – the eigenvalue of the Hamiltonian (18) – can be written
as
Mn =
i∑
i=1
1
2
(
m2i
ωi
+ ωi
)
+ εn(ω˜) + ∆Mss, ω˜ =
ω1ω2
ω1 + ω2
, (21)
∆Mss =
5αsσadj
2(ω1 + ω2)
(sisj)
where εn is expressed via dimensionless numbers an
εn = (2ω˜)
−1/3(σadj)
2/3an. (22)
We shall be interested in the lowest states a0 = 2.338, a1 = 4.088 for
L = 0 and nr = 0 and 1 respectively.
6
Eq. (20) with the help of Eqs. (21), (22) yields ω1, ω2
ω2i = m
2
i +
(σadj)
2/3an(2ω˜)
2/3
3
, i = 1, 2. (23)
Form1 = m2 = 0 one obtains ω =
(
an
3
)3/4 √
σadj, while for heavy quarks,
mi >
√
σadj, one has
ω2i ≈ m2i +
(σadj)
2/3anm˜
2/3
3
+ .... (24)
Finally, the hyperfine correction ∆Mss is
∆Mss =
5Nc
6
αs(hf)σadj
(ω1 + ω2)
s1s2, (25)
s1s2 =
J(J + 1)− s1(s1 + 1)− s2(s2 + 1)
2
,
where J, s1, s2 are spins of the bound system and of its components respec-
tively, αs(hf) is the effective αs in the hyperfine interaction, we take it
αs(hf) = 0.25, and we neglect the nonperturbative part of hyperfine in-
teraction, see [19] for a discussion.
One should add a short discussion on V (adj)c (r).
Naively one could assume, that gluon exchange potential Vc(r) between
adjoint quarks or gluons is the same, as between fundamental quark and
antiquark, but multiplied by the Casimir factor 9/4. However, one can argue,
as it was done in [19], that such strong interaction is largely reduced due to
formation of the quark-gluon chains of BFKL type, which produces a rather
weak resulting interaction, which can be deduced from the relatively small
shift ∆ = αP (0) − 1 of the intercept. This conclusion is also confirmed by
lattice calculations in [24], where the resulting masses for glueballs do not
show significant contribution from Vc(r). Therefore we neglect Vc(r),∆Mc in
the first approximation and keep perturbative gluon contribution only in the
spin-dependent interaction Vss.
Looking at the Hamiltonian (18) in the case of zero fermion current mass
mi, one can see, that the resulting mass eigenvalues in the systems gg and qg
may differ for the zero quark mass only due to hyperfine interaction, which
is large in both systems due to adjoint Casimir factor 9/4. E.g. in lattice
calculations the mass difference between 2++ and 0++ glueballs is around 0.7
GeV.
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We are now in position to calculate the glueball and gluequark bound
states, using the Hamiltonian (18), (19) with the condition (20). The result
for glueballs are essentially the same as in [19], here we only slightly change
αs(hf) in the hf interaction (19), taking in this paper α
(eff)
s = 0.25. Then
the difference between qg and gg bound states is only in the ss term due
to different spin values: one obtains total spin value J = 0, 2 for gg and
J = 1
2
, 3
2
for qg states.
Results are given in the Table 1 for σf = 0.18 GeV
2 and assuming zero
masses of adjoint quarks.
Table 1: The L = 0 masses of gg and qg bound states, mgg√
σf
, mqg√
σf
for
Nc = 3, αs(hf) = 0.25 in comparison with lattice data [24].
System gg qg
JP 0+ 2+ 1
2
− 3
2
−
m/
√
σf , this work 3.56 5.30 4.15 5.02
m/
√
σf , SU(3) [24] 3.55 4.78 - -
m/
√
σf , SU(2) [24] 3.78 5.45 - -
The r.m.s. radii of these bound states are around R0 ≈ (0.3÷0.4) fm and
hence one can expect, that for R >∼ Rcr ≈ (0.6÷ 0.8) fm the total potential
between adjoint quarks does not grow and becomes flat. Qualitatively this
picture agrees with what was found on the lattice in the SU(3) theory with
adjoint fermions [1], [17].
Of special interest are vector V and pseudoscalar PS meson masses, which
can be computed from the current quark masses (assumed here to be vanish-
ingly small), or for the quark masses equal to m(qg). The resulting masses
for mq = 0 are expressed in terms of σ and were computed in [22]-[25].
(Note, that the selfenergy correction [26] is important here). Results for
L = 0, n = 0 with the assumption of zero quark mass are easily found from
(21),(25) (here we do not exploit the additional Nambu-Goldstone mecha-
nism of PS mass suppression, as was done in [14, 25], which would drive mPS
to zero for zero quark mass). One obtains for adjoint quark-antiquark states
mPS(mq = 0) = 0.685 GeV, mV = 1.075 GeV. (26)
These values are in strong disagreement with lattice data for nf = 2 in
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[2, 4], where
MPS√
σadj
≈ 7, MV
MPS
≈ 1.04. (27)
Therefore we shall explore now another dynamics, where the bare quark
mass coincides with mqg
(
1
2
−)
. As one can see in Table 1, mqg
(
1
2
−) ∼=
2.8
√
σadj, and the average energy of the effective (qq¯) can be obtained from
(23, (24), which reduces to the equation for x =
(√
σadj
ω
)2/3
: 1 =
m2qg
σ
x3+ a0
3
x2.
Here ∆Mss = ∆ss
√
σadj s1s2,
MPS(Mq = mqg) ∼= 2mqg +
a0σ
2/3
adj
m
1/3
qg
−∆ss3
4
= (7.25− 3
4
∆ss)
√
σadj, (28)
MV (Mq = mqg) = 2mqg +
a0σ
2/3
adj
m
1/3
qg
+∆ss
1
4
= (7.25 +
1
4
∆ss)
√
σadj. (29)
One can assume, that the hyperfine interaction occurs at very small dis-
tances, when both quark and antiquark are bare, i.e. without clouds of
gluons, which turn them into (qg) and (q¯g) respectively, i.e. they have
ω(hf)q ≈ ω(hf)g =
(
a0
3
)3/4√
σadj = 0.83
√
σadj, and ∆ss =
Nc
3
0.393
(
αs
0.25
)
.
Then ∆ss = ∆gg = 0.262 for αs(hf) = 0.25, Nc = 2 and the masses are
MPS ∼= 7.05√σadj, MV ∼= 7.31√σadj, while the ratio is
MV
MPS
= 1.037, (30)
Table 2: Masses of PS and V states of qq¯, MPS√
σadj
, MV√
σadj
and their ratio MV
MPS
for αs = 0.25 and Nc = 2.
this work [4,5]
MPS√
σadj
7.05 ≈ 7
MV√
σadj
7.31 ≈ 7
MV
MPS
1.037 1.04
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The resulting values of MPS,MV are given in Table 2 in comparison
with approximate values , deduced from [4, 5]. In a similar way one can
consider mesonic states made from the gluequarks of spin 3
2
. In this case
Mss = 0.075
√
σadjs1s2 and one has for the lowest and highest spin states
MPS(J = 0)√
σadj
= 8.30− 15
4
· 0.075 = 8.02 (31)
M(J = 3)√
σadj
= 8.30 +
9
4
· 0.075 = 8.47 (32)
with the ratio M(J=3)
MPS
= 1.056.
At this point one must consider the general picture of CSB and distinguish
two possible mechanisms of CSB:
1. CSB due to confinement without fermion mass generation, valid for
zero or small fermion mass generation, m < mcrit.
2. CSB due to large fermion mass, m > mcrit.
The difference between these two pictures lies in the mechanism of Nambu-
Goldstone meson creation, which is valid in the case 1, and is absent in the
case 2.
In our case the appearing fermion mass is the mass of qg state, which is
large and therefore one can assume that no Nambu-Goldstone phenomenon
can take place at our scale.
3 Thermodynamics of adjoint fermions
Thermodynamics of QCD with adjoint fermions was studied in [1],[2], where
two phase transitions were found with Tchiral and Tdeconf , and Tchiral/Tdeconf ∼=
6.65 [1]. We shall discuss possible features of thermodynamics of AdQCD,
using the formalism of FCM and we show that there are two chiral transitions,
one at Tχ1 = Tdeconf , and another, at Tχ2 = Tchiral.
In this framework the colorelectric field correlators are defined in a gauge
invariant way as
g2
Nc
tr(Ei(x)Φ(x, y)Ek(y)Φ(y, x)) = δik(D
E(u)+DE1 (u)+u
2
4
∂DE1
∂u24
)+uiuk
∂DE1
∂u2
, u ≡ x−y
(33)
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give rise inside Wilson loop 〈WF 〉 (14) to two interactions between q and q¯,
q and g , or g and g at the temperature T
V E(r, T ) = 2
∫ r
0
(r − λ)
∫ 1/T
0
dν(1− νT )DE(
√
λ2 + ν2) ≈ σr(r →∞) (34)
V E1 (r, T ) =
∫ 1/T
0
dν(1− νT )
∫ r
0
λdλDE1 (
√
λ2 + ν2) = const(r →∞) (35)
In our previous discussion these potentials were referred to as Vconf and
V1 respectively.
The physical picture of deconfinement, was suggested in [27] and further
developed in [28],[15], (see[29] for a review), where agreement with lattice
calculations is demonstrated.
It is based on the notion, that DE (and hence σ) vanishes at T ≥ Tdeconf .
Moreover, this vanishing happens due to the fact, that the minimum of the
total free energy F = −P (or maximum of the total pressure P ), consisting
of vacuum energy density of gluonic fields and the free energy (pressure) of
valent mesons, glueballs, or quarks and gluons, requires the confining part of
vacuum energy density to vanish above T = Tdeconf , as was found in lattice
calculations [30].
One can write equality of P in two phases, PI = PII , where
PI = |εconfvac |+ χ1(T ), PII = |εdeconfvac |+ Pql + Pq (36)
Here χ1(T ), is the hadronic gas pressure, which will be neglected with 10%
accuracy. We also take quark mass equal to zero.
The gluonic energy density of the vacuum, expressed via gluonic conden-
sate G2 is
εvac =
β0
32
G2, G2 =
2αs〈E2i +H2i 〉vac
pi
=
3Nc
pi2
(DE(0)+DE1 (0)+D
H(0)+DH1 (0))
(37)
Taking into account, that DE1 (x) vanishes for x → 0, and does not con-
tribute to G2 [31] and the fact, that at T = 0, D
E(0) = DH(0) (and we keep
this equality for T = Tdeconf ) one obtains
|εconfvac | ≈ 2|εdeconfvac | (38)
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As a result, Eq. (360 yields for the transition temperature Tc
Tc ≡ Tdeconf =
( |β0|G2
64(pg + pq)
)1/4
(39)
pi = Pi/T
4, i = g, f, a
Eq.(38) is applicable to SU(Nc) theories with nf fundamental and na
adjoint quarks, and
β0 =
11
3
Nc − 2
3
nf − 4
3
Ncna. (40)
In the leading approximation of the Vacuum Dominance Approach [15] the
pressure pi is expressed via Polyakov lines and was calculated in [15]
pg =
2(N2c − 1)
pi2
La, pf =
4Ncnf
pi2
Lf , pa =
4(N2c − 1)na
pi2
La (41)
where Polyakov lines La, Lf are expressed via V1(r, T )
Lf = exp
(
−V1(∞, T )
2T
)
, La = exp
(
−9V1(∞, pi)
8T
)
, (42)
To find V1(∞, T ) one can into account, that D1(x) and hence V1(r, T )
are expressed via the gluelump with mass O(1 GeV) and were calculated
in [31, 32] in comparison to lattice data [33], yielding approximately for
fundamental quarks
V1(∞, T ) = 0.17 GeV
1.35
(
T
Tc
)
− 1
; V1(∞, Tc) = 0.5 GeV. (43)
Taking the same value of V1(∞, Tc) ≈ 0.5 GeV in the case of adjoint
quarks, one obtains from (39) for Nc = 3, na = 2 and nf = 0 (as in [1]),
and for zero quark masses and G2 = 0.005 GeV
4 [34], assuming free quarks
(with V1 taken into account in La)
exp
(
−9V1(∞)
32Tc
)
Tc = 0.0733 GeV, Tc = 0.167 GeV. (44)
On the other hand, if all quarks above Tc are bound with gluons, the
resulting mass of gluequark can be around 9
4
V1(∞, Tc) and the corresponding
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contribution to the free energy (pressure) is strongly reduced. Neglecting
this contribution, one obtains Tc the same, as in the quenched QCD.
To check accuracy of this prediction, we shall calculate Tc for the pure
gluon case and the case with nf = 3; na = 0. The results are given in Table
3 in comparison to lattice calculation from [35]-[38].
One can see in Table 3 a reasonable agreement with lattice data for the
deconfinement transition in case of mq = 0.
Now the connection between confinement and CSB in SU(Nc) theories
with fundamental quarks was established in [14], where it was shown, that
confinement is a scalar interaction and produces effective scalar quark mass
operator.
Moreover, in [15] both fpi and 〈q¯q〉 have been calculated in terms of σ in
good agreement with lattice and experiment.
It was argued in [14], that the confinement creates in the Green’s func-
tion of the quark a scalar mass term Sq(x, y) = (∂ˆ + Mˆ(x, y))−1,Mˆ(x, y) =
σ|x − Y|, where Y¯ is an averaged antiquark position (exact in the case of
heavy-light mesons). Therefore, CSB occurs automatically in the confine-
ment phase and disappears exactly for fundamental quarks at Tdeconf , when
the string tension σ is identically zero, provided that quark mass is small.
Note, that for fundamental quarks the bound states with gluons are im-
possible, however for adjoint quarks there appears another possible source
of CSB, namely the possibility of bound qg system due to nonvanishing of
D1(x) and hence nonzero V1(r, T ), which we can extract from the Polyakov
loops La, Lf . To analyze the qg system in this case one must consider the
relativistic hamiltonian (18), but now with replacement of σadjr by V1(r, T )
Hdec = 2
√
p2 +
9
4
V1(r, T ) (45)
One can estimate approximately V1(∞, T ) for different T , using Polyakov
loops measurements of L8, L3 ≡ La, Lf in [1], which are done at several
values of β0 = 1/6g
2. Finding the correspondent T values from the two-loop
β function, one obtains that V1(∞, T ) from L8, L3 in [1] is growing with T
roughly proportionally to
√
σs : V1(∞, T ) ∼= 2
√
σs(t), where σs(t) is the
spacial string tension for fundamental quarks. Therefore 9
4
V1(∞, T ) ≈ 1.3
GeV for T ≈ 1.8 Tdeconf and 94V1(∞, T ) ≈ 3 GeV for T ∼= 5.3 Tdeconf . At
T = Tc one has L3 = 0.2, which yields V1(∞, Tc) ∼= 0.55 GeV in good
agreement with [28].
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Having in mind, that the range of potential V1(r, T ) is defined by the
gluelump mass in D1(x) which is of the order of 1 GeV, one can expect, that
the interaction in the Hamiltonian (45) is strong enough to produce a bound
state of gluequark also for T > Tdeconf . Variational solutions of the equation
HdecΨqg = mqgΨqg also support this expectation. A similar situation was
observed in the case of white bound states of fundamental quarks or gluons
above Tdeconf , see [32], [33], [39]. Leaving details of calculations of AdQCD
thermodynamics to the future, we finish here with few remarks on the be-
havior of the chiral condensate 〈ψ¯aψa〉, which was measured in [1],[2] in the
wide range of temperatures.
At this point one should distinguish two sources of CSB and the chiral
condensate 〈ψ¯ψ〉, as was discussed at the end of the previous section. In
general, the chiral condensate is nonvanishing both in the limit of small quark
mass (mq < mcrit), when spontaneous CSB due to confinement takes place,
and also due to nonzero quark mass, which can be dynamically created, e.g.
due to V1(r, T ) as discussed above. It is conceivable, that for large quark
mass (whatever is the mass generation mechanism) the quark condensate is
also nonzero.
Qualitatively, one can estimate the behavior of the chiral condensate as a
function of the large mass of a quarkmq, as it was done in [34], 〈ψ¯ψ〉 ≈ − G212mq .
One can expect, that the effective quark mass mq is connected to mqg and is
growing with T as V1(∞, T ), and hence 〈ψψ〉 tends to zero with growing T
due to large mqg, and due to the fact that bound (qg) dissociate with growing
temperature.
Table 3: Transition temperatures in QCD with fundamental or adjoint
quarks from Eq. (39) in comparison with lattice data from [35]-[38].
Nc nf na Tc(MeV) Tc(MeV) Tc(MeV) Tc(MeV)
this work [37] [38]
3 0 0 260 269 [35]
3 2 0 180 173± 8 [36]
3 3 0 170 154± 9 [36] 164(6) 165(5)(3)
147(2)(3)
3 0 2 167
Note, that the potential V1(r, T ) is vector like [40], hence it cannot, in
14
contrast to Vconf , produce CSB by itself, and only after it is embedded in the
resulting (qg) mass, which is scalar, this mass breaks chiral symmetry.
Finally few remarks about the so-called PCAC mass m, defined as in
[3, 4] via the ratio of correlators of axial A and pseudoscalar P currents.
m(t) =
1
4
[(∂0 + ∂
∗
0)fAP (t)]/fPP (t). (46)
As was discussed in [14], [25], m(t) can have two regimes, which are seen
in the asymptotics in two limiting cases: i) t <∼ λ; ii) t ≫ λ, where λ is
the vacuum correlation length. The latter is defined in FCM [12, 30, 31],
λ ≈ 0.1 ÷ 0.2 fm. In the regime i) m(t) ≈ λσ, while in the case ii) m(t ≫
λ) ≈ σ〈r〉 ≈ 2.5√σ, where 〈r〉 is the average size of the meson estimated
for linear confinement. This latter large scale regime with
√
σa ≈ 0.4ma
was seemingly observed in the lattice calculations (cf. Fig. 3 of [5]). In the
low, scale case m(0) = σλ(∼= 0.15 GeV for fundamental quarks) defines small
resulting values of fpi, fK as shown in [25]. Note, that all our discussion above
in the present paper refers to large scale dynamics only.
4 Conclusions
We have studied ADQCD in both confined and deconfined regions, using
FCM and applying relativistic hamiltonian [22] to calculate spectrum of
bound states. In doing so we have discovered new bound states of quark
and gluon (qq) or gluequarks with masses close to those of glueballs. We
have shown, that the appearance of these white fermions drastically changes
the whole spectrum and produces in particular large masses of PS and V
mesons, with the ratio close to unity. These features, and the absolute val-
ues of meson masses are in close agreement with lattice data. We have also
calculated the deconfinement temperature in AdQCD, which appeared of the
same order as in QCD with fundamental quarks, and we have also checked
Tdeconf in the latter vs lattice data. We have argued, that the qg bound state
may survive above Tdeconf and simulate the nonzero quark condensate, while
dissociation of qg at larger T may provide restoration of chiral symmetry.
The search for gluequarks on the lattice seems highly desirable.
The appearance of massive gluequarks presents itself as a new source of
a gauge invariant mass generation mechanism, which can be used at high
scale, e.g. in the framework of TC and ETC theories [10, 11].
The author is grateful for useful discussions to A.M.Badalian and M.I.Polokarpov.
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